S 2
used as received. THF was purchased from J. T. Baker in CYCLE-TAINER® kegs and vigorously purged with argon for 2 h before further purification by passing through two packed columns of neutral alumina and copper (II) oxide under positive argon pressure.
Flash chromatography was either performed using glass columns with SiliaFlash® P60 (SiliCycle, 230-400 mesh), or on pre-packed Biotage® SNAP columns using a Biotage Isolera Automated Flash Chromatography System. The yields reported are of isolated compounds and are the average of at least two experiments, unless otherwise indicated. The product was purified by chromatography on silica gel or by acid-base extraction as indicated for each substrate. The enantiomeric excesses (% ee) were determined by HPLC or SFC analysis using chiral stationary phases.
For the determination of their enantiomeric excess, some of the dibenzylamine adducts (3) were either treated to remove protecting groups or converted into the corresponding p-toluenesulfonamides (3').
General procedure (B) for the preparation of p-toulenesulfonamide compounds: To a 50 mL round bottom flask was added the dibenzylamine 3 (0.50 mmol), methanol (5 mL) and a catalytic amount of Pd(OH) 2 /C (20 wt%). The flask was evacuated and backfilled with hydrogen (this process was repeated a total of three times), and stirred under a hydrogen atmosphere (1 atm) overnight. The reaction mixture was filtered through a pad of Celite and the solvent was removed under reduced pressure to afford the crude primary amine. To the primary amine was added DMAP (6 mg, 0.05 mmol, 0.1 equiv), TsCl (143 mg, 0.75 mmol, 1.5 equiv) and CH 2 Cl 2 (5 mL). The flask was cooled to 0 °C and DIPEA (173 µL, 1 mmol, 2.0 equiv) was added. The reaction mixture was allowed to stir at rt for 4-6 h before it was concentrated in vacuo and purified by flash column chromatography (8-12% EtOAc/hexanes). The enantiomeric excesses (% ee)
were determined by HPLC or SFC analysis using chiral stationary phases.
(S)-N,N-dibenzyl-2,3-dimethylbutan-1-amine (Table 2, 3a). Prepared following
general procedure A using 2,3-dimethylbut-1-ene (84 mg, 1.0 mmol, 1.0 equiv), Obenzoyl-N,N-dibenzylhydroxylamine (381 mg, 1.2 mmol, 1.2 equiv), and THF (1.0 mL).
The reaction mixture was stirred for 36 h at 40 °C. The crude material was purified by flash column chromatography (0-5% EtOAc in hexanes) to provide the title compound as a colorless liquid in 90% yield (253 mg). IR (neat, cm -1 ) 2956, 2873, 2791, 1494, 1452, 1365, 1068, 1028, 977, 746, 697 ; 1 H NMR (400 MHz, CDCl 3 ) δ: 7.45 (d, J = 7.2 Hz, 4H), 7.38 (t, J = 7.5 Hz, 4H), 7.34 -7.27 (m, 2H), 3.63 (d, J = 13.6 Hz, 2H), 3.56 (d, J = 13.6 Hz, 2H), 2.41 (dd, J = 12.5, 6.8 Hz, 1H), 2.21 (dd, J = 12.5, 7.7 Hz, 1H), 1.91 -1.79 (m, 1H), 1.79 -1.69 (m, 1H) , 0.93 (d, J = 6.9 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H), 0.68 (d, J = 6.8 Hz, 3H); 13 C NMR (100.6 MHz, CDCl 3 ) δ: 140.2, 129. 1, 128.2, 126.8, 59.1, 58.7, S 6 36.5, 29.6, 21.1, 17.0, 13.5 mL/min, 220 nm) indicated 83% ee: t R (major) = 4.6 min, t R (minor) = 5.4 min.
Note: When unpurified crude Bn 2 NOBz was used directly in this hydroamination reaction, the isolated yield was 87% and the ee was 83%. Procedure for the preparation of crude Bn 2 N-OBz. To a suspension of BzOOBz (2.42 g, 10.0 mmol, 1.0 equiv) and K 2 HPO 4 (2.61 g, 15.0 mmol, 1.5 equiv) in DMF (20 mL) was added dibenzylamine (3.95 g, 20.0 mmol, 2.0 equiv). The reaction mixture was stirred at rt for 48 h and then diluted with hexane (10 mL) and H 2 O (150 mL). A white precipitate was formed, which was filtered, and washed with deionized (DI) water (5 x 50 mL) and then cold hexane (2 x 10 mL). Then the crude product was dried under high vacumm for 2 h to afford a white solid (1.52 g, crude yield: 48%), which was used directly in the hydroamination reaction.
(S)-N,N-dibenzyl-2-methylheptan-1-amine (Table 2, 3b). Prepared following general
procedure A using 2-methyl-1-heptene (112 mg, 1.0 mmol, 1.0 equiv), O-benzoyl-N,N- dibenzylhydroxylamine (381 mg, 1.2 mmol, 1.2 equiv) and THF (1.0 mL). The reaction mixture was stirred for 36 h at 40 °C. The crude material was purified by flash column chromatography (0-5% EtOAc in hexanes) to provide the title compound as a colorless liquid in 90% yield (279 mg). IR (neat, cm -1 ) 2955, 2926, 2855, 2792, 1494, 1453, 1374, 1214, 1028, 746, 697; 1 H NMR (400 MHz, CDCl 3 ) δ: 7. 48 -7.40 (m, 4H), 7.40 -7.32 (m, 4H), 7.32 -7.24 (m, 2H), 3.64 (d, J = 13.6 Hz, 2H), 3.51 (d, J = 13.7 Hz, 2H), 2.31
(dd, J = 12. 4, 6.6 Hz, 1H), 2.20 (dd, J = 12.4, 7.9 Hz, 1H), 1.85 -1.69 (m, 1H), 1.52 -1.40 (m, 1H), 1.40 -1.17 (m, 6H), 1.11 -0.99 (m, 1H) , 0.95 (t, J = 6.8 Hz, 3H), 0.94 (t, J = 6.5 Hz, 3H); 13 C NMR (100.6 MHz, CDCl 3 ) δ: 140. 2, 129.0, 128.2, 126.80, 61.1, 59.0, 35.0, 32.4, 31.1, 26.7, 22.9, 18.4, 14. 
13
C NMR (100.6 MHz, CDCl 3 ) δ: 141. 6, 134.0, 129.3, 129.0, 128.3, 128.2, 126.9, 125.7, 60.7, 59.1, 41.5, 33.7, 18.1; 128.2, 126.8, 59.0, 58.4, 40.3, 36.1, 31.6, 27.7, 27.3, 27.0, 26.9, 14.5 143.2, 137. 1, 129.6, 127.1, 47.0, 39.8, 38.2, 30.7, 28.3, 26.6, 26.6, 26.4, 21.5 4, 137.2, 129.8, 127.2, 45.9, 43.2, 32.4, 27.4, 21.6, 13. t R (major) = 21.9 min, t R (minor) = 24.2 min.
(S)-2-((3S,5S,7S)-adamantan-1-yl)-N,N-dibenzylpropan-1-amine (Table 2, 3f).
Prepared following general procedure A using 1-(prop-1-en-2-yl)adamantane (176 mg, 1, 128.2, 126.8, 59.1, 55.4, 41.3, 39.8, 37.5, 34.3, 28.9, 12.5 137.8, 129.4, 128.5, 127.4, 66.9, 59.0, 57.7, 41.9, 28.60, 20.2, 19. 1, 129.3, 128.2, 126.9, 62.6, 59.1, 52.8, 48.8, 32.6, 28.6, 26.1, 18.3, -5.3, -5.3 MHz, CDCl 3 ) δ: 137. 6, 129.3, 128.4, 127.3, 65.9, 59.0, 56.3, 45.3, 31.4, 28. 1, 128.2, 126.8, 75.4, 59.3, 56.2, 43.3, 28.4, 27.5, 26.0, 18.3, 13.9, -1.9 1, 137.0, 129.6, 127.0, 106.3, 63.8, 62.3, 45.2, 36.2, 21.4, 15.3, 15.2, 13.6; (R)-N,N-dibenzyl-2-(2-methyl-1,3-dioxolan-2-yl)propan-1-amine (Table 2 , entry 3k).
Prepared following general procedure A using 2-methyl-2-(prop-1-en-2-yl)-1,3-dioxolane (R)-N,N-dibenzyl-2-(methyldiphenylsilyl)propan-1-amine (Table 2 , entry 3m).
Prepared following general procedure A using methyldiphenyl(prop-1-en-2-yl)silane 136.8, 136.4, 135.4, 134.9, 134.7, 134.6, 129.6, 129.4, 129.4, 128.6, 128.6, 127.9, 127.9, 127.8, 127.3, 52.0, 50.7, 21.5, 17.4, 12.1, -6.6 1, 137.3, 133.8, 129.4, 129.3, 128.4, 128.1, 127.2, 120.5, 58.7, 54.5, 25.9, 23.1, 16.8, -4.1, -4.4 EtOH/hexanes, 0.8 mL/min, 220 nm) indicated 52% ee: t R (major) = 8.3 min, t R (minor) = 9.5 min. 129.7, 129.6, 129.0, 128.2, 127.7, 126.9, 67.9, 58.9, 57.6, 34.4, 27.1, 19.5, 15.9 . HRMS (DART-TOF) calcd. for 138. 1, 129.3, 128.6, 127.4, 70.50, 61.4, 59.1, 31.6, 15 .0. The ee value was determined by HPLC analysis (OJ, 10% IPA/hexanes, 0.8 mL/min, 220 nm) indicated 30% ee: t R (major) = 14.5 min, t R (minor) = 17.5 min.
(R)-N-benzyl-4-methyl-N-(2-(methyldiphenylsilyl)propyl)benzenesulfonamide (

S 20 (R)-N,N-dibenzyl-2-methyl-3-(trityloxy)propan-1-amine (
(S)-N 1 ,N 1 -dibenzyl-2-methyl-N 3 -tritylpropane-1,3-diamine ( 
(S)-3-(dibenzylamino)-2-((trityloxy)methyl)propan-1-ol (Table 2, 3u')
To a solution of 3u (321 mg, 0.50 mmol, 1.0 equiv) in THF (1.0 mL) was added TBAF (1.0 mL, 1.0 M in THF) and the mixture was stirred for 2 h at rt. The reaction mixture was then concentrated and purified by flash column chromatography (15-20% EtOAc in hexanes) to provide the title compound a white solid in 93% yield (245 mg IPA/hexanes, 0.8 mL/min, 220 nm) indicated 77% ee: t R (minor) = 9.9 min, t R (major) = 13.6 min. 133.8, 129.1, 129.0, 128.2, 126.8, 121.1, 59.0, 58.7, 36.4, 35.5, 31.1, 27.7, 26.8, 23.7, 14.5 1, 128.2, 126.8, 126.4, 113.9, 111.5, 59.0, 55.3, 55.2, 48.2, 44.3, 42.4, 38.8, 38.3, 30.0, 28.4, 28.0, 26.6, 24.4, 12. -methoxy-13-methyl-17-methylene-7,8,9,11,12,13,14,15,16,17- 1, 129.2, 128.2, 126.8, 126.4, 113.8, 111.5, 58.6, 56.3, 55.3, 50.2, 45.5, 43.8, 43.3, 39.3, 30.1, 28.3, 26.7, 26.4, 25. 1, 128.3, 128.3, 126.9, 124.0, 62.5, 60.7, 42.1, 24.1, 17.5, 13.1, -4.9, -5. 138.3, 134.0, 128.8, 127.7, 62.6, 45.4, 18.3, 13.0, -4.6, -4.6 indicated 96% ee: t R (major) = 8.1 min, t R (minor) = 9.6 min.
S 26 (R)-3-(dibenzylamino)-2-(methoxymethyl)propan-1-ol (
(S)-N,N-dibenzyl-2-((R)-4-methylcyclohex-3-en-1-yl)propan-1-amine (
(R)-N,N-dibenzyl-2-((R)-4-methylcyclohex-3-en-1-yl)propan-1-amine (
Note: When unpurified crude Me 2 NOBz was used directly in this hydroamination reaction, the isolated yield was 70% and the ee was 95%. Procedure for the preparation of crude Me 2 NOBz. To a suspention of BzOOBz (2.42 g, 10.0 mmol, 1.0 equiv) and K 2 HPO 4 (2.61 g, 15.0 mmol, 1.5 equiv) in DMF (20 mL) was added dimethylamine (10 mL, 20.0 mmol, 2.0 M in THF solution, 2.0 equiv). The reaction mixture was stirred at rt for 3 h and then diluted with H 2 O (50 mL) and ethyl acetate (50 mL). The aqueous layer
S 31
was extracted with EtOAc (2 x 50 mL), and the combined organic layers were washed with brine, dried over Na 2 SO 4 , and concentrated in vacuo to provide a light yellow oil (1.41 g, crude yield: 85%) which was used directly in the hydroamination reaction.
(R)-2-(4-(2-(dimethyl(phenyl)silyl)propyl)piperazin-1-yl)pyrimidine (Table 2, 4c).
Prepared following general procedure A using dimethyl(phenyl)(prop-1-en-2-yl)silane (176 mg, 1.0 mmol, 1.0 equiv), 4-(pyrimidin-2-yl)piperazin-1-yl benzoate (341 mg, 1.2 mmol, 1.2 equiv) and THF (1.0 mL). The reaction mixture was stirred for 36 h at 40 °C.
The crude material was purified by an acid-base extraction. The reaction mixture was diluted with hexanes and transferred to a 125 mL separatory funnel. 2 N HCl (aq) was added and the layers were separated. The aqueous layer was diluted with CH 2 Cl 2 (20 mL), basified with 6 N NaOH (aq) and the organic phase was collected. The acid-base extraction procedure was repeated a total of three times. The combined organic phases were dried over Na 2 SO 4 , filtered and concentrated in vacuo to provide the title compound 7, 157.7, 138.4, 134.0, 128.8, 127.6, 109.6, 61.7, 53.1, 43.6, 17.4, 13.4 Prepared following general procedure A using dimethyl(phenyl)(prop-1-en-2-yl)silane (176 mg, 1.0 mmol, 1.0 equiv), 2,2,6,6-tetramethylpiperidin-1-yl benzoate (314 mg, 1.2 mmol, 1.2 equiv) and THF (1.0 mL). The reaction mixture was stirred for 36 h at 40 °C.
The crude material was purified by an acid-base extraction. The reaction mixture was diluted with hexanes and transferred to a 125 mL separatory funnel. 2 N HCl (aq) was added and the layers were separated. The aqueous layer diluted with CH 2 Cl 2 (20 mL), basified with 6 N NaOH (aq) and the organic phase was collected. The acid-base extraction procedure was repeated a total of three times. The combined organic phases were dried over Na 2 SO 4 , filtered and concentrated in vacuo to provide the title compound 1, 128.8, 127.7, 54.9, 44.9, 41.9, 23.0, 18.2, 12.80, -4.5, -4.7 141.7, 141.3, 138.5, 134.0, 128.9, 128.8, 128.4, 128.2, 127.9, 127.8, 126.8, 126.6, 58.0, 54.5, 52.2, 18.3, 18.3, 13.1, -4.6, -5 C NMR (100.6 MHz, CDCl 3 ) δ: 144. 1, 140.9, 138.6, 133.9, 129.0, 128.9, 128.2, 128.1, 127.9, 127.8, 126.7, 126.5, 55.5, 53.8, 51.0, 17.9, 12.9, 10.7, -4.6, -4.9 . HRMS (DART- 2927, 2855, 2786, 1453, 1361, 1251, 1086, 1067, 1027, 835, 775, 737 145.8, 129.2, 128.3, 128.2, 127.0, 127.0, 126.0, 73.4, 62.3, 54.2, 42.2, 38.3 2928, 2855, 2789, 1453, 1361, 1256, 1100, 1069, 1027, 836, 752, 145.8, 139.3, 129.2, 128.3, 128.2, 127.0, 127.0, 126.0, 73.4, 62.33, 54.2, 42.3, 38.3 (t, J = 19.4 Hz, 1C), 26.0, 18.3, 
Preparation of Substrates
tert-butyldimethyl(3-methyl-2-methylenebutoxy)silane (Table 2, 154.8, 106.2, 76.8, 30.8, 26.1, 22.0, 18.6, -5 1609 , 1498 , 1256 , 1037 1 H NMR (400 MHz, CDCl 3 ) δ: 7.25 -7.20 (m, 1H), 6.75 -6.68 (m, 1H), 6.66 -6.61 (m, 1H), 4.75 -4.60 (m, 2H) 161.9, 157.6, 138.2, 133.0, 126.5, 113.9, 111.6, 101.0, 55.3, 53.6, 44.5, 44.2, 38.9, 35.9, 30.0, 29.6, 27.8, 26.8, 24.1, 18.7 Benzyldimethyl(prop-1-en-2-yl)silane ( 144. 4, 142.8, 128.8, 127.9, 127.1, 110.3, 86.8, 67.5, 20 4, 135.7, 133.9, 129.8, 127.8, 109.3, 67.4, 31.8, 27.0, 19 146.0, 144.3, 128.8, 127.9, 127.1, 110.0, 86.9, 64.7, 64.4, 26.0, 18.5, -5 164.8, 161.6, 157.9, 133.3, 129.6, 129.3, 128.6, 110.5, 56.0, 42.3. Anal. Calcd. for C 15 EtOAc (2x), and the combined organic layers were washed with brine, dried over
1-(prop-1-en-2-yl)adamantane (
